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* NOTICES * 

* Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the silicon nitride characterized by controlling a reaction rate 
[ in / for the nitriding raw material whose bulk density is moreover three or less 1.0 g/cm / 10 - 90% of 
rates of nitriding ] 0.5% / more than hr, and nitriding it by 4% of reaction rates, and below hr including 
the nitriding cay prime powder 30 more than specific-surface-area of 5m 2/g - the 100 weight sections to 
the metal silicon powder 100 weight section. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the silicon nitride of 

******** for manufacturing high-definition nitriding cay prime powder cheaply. 

[0002] 

[Description of the Prior Art] Although the silicon nitride sintered compact is examined from a 
viewpoint of energy saving and high energy effectiveness in recent years as the engine components and 
the various industrial machine parts of an automobile, such as a turbo rotor, a bulb, and a swirl chamber, 
since these serve as use by the severe condition, the conditions for which nitriding cay prime powder is 
asked are also severe as follows. 

(1) alpha phase should be a subject. (2) Consist of a submicron particle. (3) It is a high grade. (4) Be 
cheap. 

[0003] About (1), to build and divide the nitriding cay prime powder which makes alpha phase or a 
parent phase a subject, without hurting other physical properties from the sintered compact of high 
intensity and quantity toughness being obtained also from a parent phase subject's nitriding cay prime 
powder is desired by the latest research among these. 

[0004] Various approaches are proposed as the manufacture approach of silicon nitride until now, and if 
it is divided roughly, it will become the following four law. 

(a) Direct nitriding which nitrides metal silicon using reactant gas, such as nitrogen and ammonia. 

(b) Reduction nitriding which nitrides a silica using a reducing agent and reactant gas, such as carbon. 

(c) The imide thermal decomposition method which pyrolyzes the silicon diimide generated from 
tetrachlorosilane. 

(d) The gaseous-phase method to which gas, such as a mono silane and tetrachlorosilane, and gas, such 
as ammonia, are made to react with heating of laser, the plasma, etc. 

[0005] It has been said that direct nitriding and reduction nitriding are [ among these ] advantageous in 
cost, and the imide thermal decomposition method and the gaseous-phase method are excellent in a fine- 
particles property. That is, in order to obtain nitriding cay prime powder by grinding of an ingot, and 
achievement of (2) is comparatively difficult and to obtain a high grade article among the above- 
mentioned conditions in direct nitriding, since a purification process is needed, yield is not so good. In 
reduction nitriding, full removal of the internal oxygen contained in the silica of a raw material is 
difficult, and it becomes easy to generate the fine particles which a degree of sintering does not have 
compared with other manufacturing methods. In order to usually use expensive tetrachlorosilane and an 
expensive mono silane for a raw material by the imide thermal decomposition method or the gaseous- 
phase method, compared with front 2 persons, it is disadvantageous in cost. Furthermore, the chlorine 
contained in tetrachlorosilane tends to remain in an imide thermal decomposition method, and it is 
difficult for extent which can be industrially used by the gaseous-phase method for large-sized laser and 
plasma equipment to come to hand. 

[0006] Current and the most general approach industrialized are direct nitriding. In direct nitriding, in 
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order to grind the generated ingot and to consider as nitriding cay prime powder, the fine-particles 
m property is strongly influenced of an ingot. An ingot is the aggregate of the nitriding cay elementary 
" particle compounded from metal silicon powder. Although the metal silicon powder of the main raw 
material is used as a Plastic solid for the reason on a handling disposition or it fills up in a fission reactor 
with powder, the nitriding cay elementary particle generated since the nitriding reaction of metal silicon 
was big exothermic reaction serves as, comparatively firm aggregate, i.e., ingot. 
[0007] for manufacturing the nitriding cay prime powder of high specific surface area with direct 
nitriding — an ingot — grinding — or it is necessary to perform a classification etc. further Since back 
processes, such as purification, filtration, desiccation, a crack, etc. of a grinding object, will be needed 
and long duration grinding of a hard ground object like silicon nitride will moreover be carried out in 
wet grinding, while wear of grinding media becomes intense and becomes the increment in a running 
cost, it becomes that the purification process which removes the mixed media and the surface oxygen 
which increased is indispensable. Furthermore, since this purification process is acid treatment, it is 
expensive. On the other hand, although there is such no problem at dry grinding, specific surface area 
seldom increases but has problems, such as mixing of the wear powder of media, and large increase of 
surface oxygen. 

[0008] In order to cope with such a problem, the nitriding reaction was controlled from the former and 
there were many proposals which manufacture the nitriding cay prime powder of the high specific 
surface area in the rate of high pregelatinization. Although it is control (for example, JP,58-88109,A) of 
the porosity of control (for example, JP,48-102100,A, JP,49-94600,A, JP,52-117898,A, etc.) of for 
example, a reactant gas partial pressure or reaction temperature, control (for example, JP,4-54607,B, 
JP,54-24300,A, JP,63-170203,A, etc.) of a programming rate, addition (for example, JP,2-248309,A 
etc.) of a nitriding catalyst, and a nitriding raw material etc., Each of these lengthened the production 
process, and since a running cost is pushed up and yield was reduced, they was not able to say that it 
was enough. 
[0009] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the conventional method, it fully had 
the conditions of above-mentioned (1) - (4), and it is difficult to manufacture the comparatively cheap 
silicon nitride which can moreover be used industrially, and waited for the appearance of a new 
technique, this invention persons complete the manufacture approach of the silicon nitride of ******** 
with direct nitriding, as a result of examining many things in order to meet such a request. 
[0010] 

[Means for Solving the Problem] Namely, this invention contains the nitriding cay prime powder 30 
more than specific-surface-area of 5m 2/g - the 100 weight sections to the metal silicon powder 100 
weight section, and, moreover, bulk density is 1.0 g/cm3. It is the manufacture approach of the silicon 
nitride characterized by controlling a reaction rate [ in / for the nitriding raw material which is the 
following / 10 - 90% of rates of nitriding ] 0.5% / more than hr, and nitriding it by 4% of reaction rates, 
and below hr. 

[0011] Hereafter, when this invention is explained in more detail, the greatest description of this 
invention is having combined the conditions of a nitriding raw material and a nitriding reaction strictly, 
having carried out them, and having rationalized them from the point of manufacture of a ******** 
ingot for control of the nitriding reaction at which much proposals' have so far been made. 
[0012] First, when a nitriding raw material is explained, the nitriding raw material used by this invention 
is the mixture blended and obtained [ section / 30 - 100 weight ] as the aggregate to the metal silicon 
powder 100 weight section in the nitriding cay prime powder more than specific-surface- area of 5m 2/g 
Bulk density 1.0 g/cm3 It considers as the following. 

[0013] Since the nitriding cay prime powder blended as the aggregate is difficult for separating it from 
an ingot after nitriding, even if it remains as a product as it is, the specific surface area needs to be more 
than 5m2/g, and is more than 6m2/g preferably so that it may be convenient, in order that [ and ] the 
loadings of this aggregate may make control of the nitriding reaction mentioned later perform with 
sufficient convenience and may raise productive efficiency — the metal silicon powder 100 weight 
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section — receiving — the 30 - 100 weight section — it is required to be 40 - 90 weight section preferably. 
That is, under in 30 weight sections, if control of a nitriding reaction is difficult and surpasses the 100 
* weight sections, the rate of the metal silicon in a nitriding raw material will become small, and 
productive efficiency will worsen. 

[0014] When the usual thing used with direct nitriding is used and it manufactures the silicon nitride of a 
high grade, a high grade article is used for metal silicon powder. About the grain size of metal silicon 
powder, it is desirable that they are 0.2-5m2/g, especially 0.5-4m2/g in specific surface area. 
[0015] In order to mix the aggregate with metal silicon powder, the method performed to coincidence in 
grinding and mixing of these raw materials may be adopted. In this case, sufficient consideration for 
mixing of the impurity according to wear of an impurity, especially media to the time of grinding and 
mixing and oxidation of metal silicon is required. Especially, in the case of a high grade article, the 
media made from silicon nitride are used, and grinding and mixing are carried out to it under non^ 
oxidizing atmospheres, such as nitrogen and an argon. 

[0016] The bulk density of the nitriding raw material in this invention is the ratio of weight to the 
volume of the appearance of a nitriding raw material, and is 1.0 g/cm3 at this invention. It is required to 
be the following. Bulk density is 1.0 g/cm3. If it is the nitriding raw material which surpasses, a 
nitriding reaction serves as an ununiformity. It becomes difficult for control of the nitriding reaction 
which mentions an uneven nitriding reaction later to become difficult, and to compound the ingot of 
********. although the smaller-one of the bulk density -of- a nitriding-raw-material is desirable, since 
trouble is caused to the handling of a nitriding raw material and the operation effectiveness of a 
nitrogenation oven also falls in that case from the point of compounding the ingot of ******** — bulk 
density — 0.4 - 1.0 g/cm3 especially — 0.5 - 0.9 g/cm3 it is ~ things are desirable. 
[0017] Bulk density 1.0 g/cm3 Although the approach of filling up containers, such as a product made 
from - silicon carbide made from silicon nitride, with powder, the approach of fabricating a Plastic solid 
from powder and foaming to it, the approach of adding the matter burned down with heating to this 
powder-molding object, and using as a porous body, etc. are employable in order to obtain the following 
nitriding raw materials Since the high part of bulk density arises, reaction control becomes impossible 
well and the quality of an ingot varies if a big opening is introduced in order to lower average bulk 
density, as for especially the diameter of an opening of a nitriding raw material, it is desirable for 100 
micrometers or less to cost about 1mm at the maximum. 

[0018] In addition, as matter burned down with heating used in case the above-mentioned porous body 
is manufactured, an inorganic substance which is sublimated below with nitriding reaction temperature, 
such as the organic substance, such as styrene, acrylonitrile, poval, butyral, a vinyl chloride, and a 
butadiene, an ammonium chloride, and ammonium fluoride, can be raised. 

[0019] Other descriptions of this invention are nitriding reaction conditions. The effectiveness of this 
invention will not be brought about without combination with the nitriding raw material which this 
described above. That is, although there was a technique which specifies a reaction rate and controls a 
nitriding reaction conventionally (for example, JP,56-50170,A), since an actual reaction rate was 
measured as the average which disregarded dispersion in the reaction rate between the ingots in the ingot 
which has reacted, the effectiveness did not fully show up and was not able to obtain the ingot of 
******** in many cases. Such a phenomenon was the same also in the technique which controlled the 
nitriding reaction only by reaction temperature or the programming rate. 

[0020] In this invention, the reaction rate is controlled by 4%/hr in any phases under nitriding reaction. 
Here, a reaction rate is the rate that a part for the metal silicon in a nitriding raw material is consumed by 
per unit time amount by the nitriding reaction. That is, when, nitriding the nitriding raw material 
containing 1kg metal silicon for example, 1%/hr means that lOg [ per hour ] metal silicon nitrides in a 
reaction rate. Such a reaction rate is a small value as compared with the conventional reaction rate. 
[0021] If the example is shown, there is seldom much reference which made reference in the reaction 
rate in the conventional method, but if it guesses from a programming rate and reaction time, in 1000 
degrees C or more, then the example of JP,4-63802,B, it is 20 - 25%/hr in the example of 17 - 40% / hr, 
and JP,4-54607,B, and further, it will be set to 12.5 - 20% / hr in JP,44-3210,B, and reaction temperature 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 7/8/2004 



Page 4 of 7 



will be set to 6.7%/hr by JP,54-24300,A. 

[0022] In this invention, if a reaction rate becomes large, since sintering of the primary particle of the 
* silicon nitride to which the heat of reaction to generate also became large and the reaction in an ingot 
generated it by dispersion and it will progress, although the reaction rate under nitriding reaction must 
be controlled at below 4% / hr, if a reaction rate is too small not much, reaction time will become long 
and the effectiveness of a fission reactor will worsen. So, the reaction rate in 10 - 90% of rates of 
nitriding is controlled by this invention 0.5% / more than hr. In the early stages of a reaction, and a 
telophase, a reaction rate may become small rather than 0.5%/hr. 

[0023] In this invention, measurement of a reaction rate can be performed by measuring a difference 
with the amount of reactant gas consumed by for example, unit time amount by nitriding, i.e., the 
capacity supplied to a fission reactor, and the capacity discharged out of a system. In this case, when 
there is no reactant gas discharged out of a system from a fission reactor, it can carry out by measuring 
change of the gas presentation in the furnace within fixed time amount, change of furnace pressure, etc. 
Although the reaction rate should be strictly determined based on the amount of consumption reactant 
gas per unit very small time amount, since the measurement is technically difficult, it sets to this 
invention, and the consumption capacity per as much as possible unit short time of measurable within 
the limits is measured, and it is determined. As the as much as possible unit short time, it is 5 or less 
minutes 10 or less minutes especially preferably 30 or less minutes. 

[0024] For example, when it converts into reference condition- and 22.41. consumption gas is measured 
in 5 minutes, since the metal silicon which reacted between them is 1.5 mols (42g), it is set to 504g per 
hour. If the charge for metal silicon in the nitriding raw material at this time is 20kg, a reaction rate will 
serve as 2.5%/hr. In addition, since the rate of nitriding in this invention is the integral value of a 
reaction rate, it is computable from the addition value of addition of the amount of consumption reactant 
gas, i.e., the amount for consumption metal silicon. 

[0025] As for the reaction rate in this invention, it is most effective that adjustment of reaction 
temperature and an ambient atmosphere performs. If the example is shown below, fundamentally, the 
nitriding reaction in this invention supplies the reactant gas of only a part required for nitriding, and 
since the nitrogen content of metal silicon and reactant gas reacts, if a temperature up is carried out to 
the temperature to which a reaction advances, it can control it to a predetermined reaction rate. Since 
furnace pressure will decrease if a consumed part increases more than the reactant gas which a reaction 
rate becomes large and is supplied, if inert gas is added and furnace pressure is adjusted, the reactant gas 
partial pressure in a furnace will decrease, and a reaction rate will become small. On the contrary, since 
furnace pressure will increase if a reaction rate becomes small and a supplied part exceeds a consumed 
part, if supply of reactant gas is continued discharging gas outside a furnace, the reactant gas partial 
pressure in a furnace will rise, and a reaction rate will become large. And if it carries out carrying out the 
temperature up of such actuation, recovery of a reaction rate will become quick and control will become 
easy. 

[0026] Although grinding of the silicon nitride manufactured by this invention can adopt either a wet 
method or dry process, dry process suits in this invention well. When based on dry process, it is 
desirable to use a grinding aid, if the example is given, it will be triethylamine, n butylamine, a 
methylethyl stingy ton, an acetonitrile, etc., and the amount used will be about 0.2 - 3 % of the weight. 
[0027] 

[Example] Hereafter, an example and the example of a comparison are given and this invention is shown 
concretely. 

Examples 1-5 The ball mill using the ball made from silicon nitride ground the high-purity-metal silicon 
powder of one to example of comparison 5 marketing in pitch diameter of 9.1 micrometers. It blended to 
this metal silicon powder 100 weight section at a rate which shows the nitriding cay prime powder 
which has various specific surface area as the aggregate in Table 1, it mixed with the ball mill, and 
considered as nitriding raw material powder. 

[0028] It fabricated by the following approaches so that it might have the bulk density which shows 1kg 
of this nitriding raw material powder in Table 1. That is, the 60-% of the weight slurry water solution of 
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nitriding raw material powder was corned with the spray dryer, after desiccation / cleaning, uptake of the 
thing with a particle size of 100 micrometers or less was carried out, and the 16x1 6cm container made 
* from silicon nitride was filled up with the example 1 at 6cm in thickness. In examples 2 and 3 and the 
examples 1 and 2 of a comparison, nitriding raw material powder was put into the 16x1 6cm container 
made from silicon nitride as it was. In this case, thickness was set to 5cm. In examples 4 and 5 and the 
examples 3 and 4 of a comparison, nitriding raw material powder was put into the 16x16cm wooden 
flask, and it placed on the silicon nitride plate manufacturing after hand-pushed shaping at 4cm in 
thickness. In the example 5 of a comparison, the die press of the nitriding raw material powder was 
carried out to 16x1 6x2. 5cm, and it was placed on silicon nitride plate manufacturing. 
[0029] After it paid the nitriding raw material obtained above to the fission reactor and nitrogen gas 
permuted the inside of a furnace, the temperature up was started with the sink at a rate of 11. of nitrogen 
gas, min, and 0.21. of hydrogen gas and min, controlling to maintain the reaction rate shown in Table 1, 
the temperature up was carried out to 1420 degrees C of maximum temperatures, and nitriding was 
completed. As for the nitriding reaction, in any case, it began from near the temperature of 1 140 degrees 
C. the temperature up was performed for control of a reaction rate to measure a reaction rate by the 
following approaches, and to carry out the temperature up of it at the rate of 20 degrees C/hr to enlarge 
it, and make it small conversely when 11. / min moreover came out of argon gas to a change of nitrogen 
gas comparatively, a stop and. 

[0030] A reaction-rate measures the gas supply volume to a fission reactor, and the amount of exhaust 
gases from a fission reactor for for [ every ] 5 minutes with an addition gas flowmeter, makes the 
difference the amount of consumption reactant gas, and is 3Si+2-N2 ->Si3N4. The consumption of 
metal silicon was computed as that to which the reaction was performed, and it was taught, and per [ to a 
part for the metal silicon in a nitriding raw material ] hour carried out comparatively, and it asked. 
[0031] After nitriding termination, nitrogen gas was cooled radiationally to the room temperature with 
the sink, the generated ingot was carried out ** and secondary crushing with the mortar made from 
silicon nitride, and the specific surface area of an ingot was measured for the 0.5mm screen using 
through and it. Subsequently, using the vibration mill lined by the ball made from silicon nitride, and 
silicon nitride, under nitrogen-gas-atmosphere mind, ** and the ingot by which secondary crushing was 
carried out were ground for further 1 hour, and nitriding cay prime powder was manufactured. Residue 
of a big and rough particle was measured by measuring the dry weight of the plus sieve residue at the 
time of ****(ing) specific surface area and lOOg of powder by the screen of 25 micrometers of openings 
about the obtained nitriding cay prime powder. 

[0032] Furthermore, it is 5% of the weight of Y2 03 to the nitriding cay prime powder obtained above. 
Powder and 3.5% of the weight of aluminum 203 Powder was mixed and the slurry water solution of 55 
% of the weight of mixed powder was adjusted using the organic binder. It is it with a spray dryer After 
granulation / desiccation, and die-press shaping and also 3 t/cm2 CIP shaping is performed and it is 10 
kgf/cm2. The temperature up was carried out under nitrogen pressurization, and baking of temperature 
[ of 1750 degrees C ] x 8 hours was performed. It is JIS about the four-point flexural strength in the 
room temperature of the obtained sintered compact. It measured based on R1601. Those results are 
shown in Table 2. 
[0033] 
[Table 1] 
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[0034] 
[Table 2] 
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[0035] From Table 1 and Table 2, since the ingot of high specific surface area was obtained according to 
the examples 1-5 of this invention, nitriding cay prime powder with specific surface area sufficient as 
sintering raw material powder was able to be manufactured by performing the usual dry grinding. And 
most big and rough particles which remain to nitriding cay prime powder are not accepted, but sintered 
compact reinforcement is also 2 100 kgf(s)/mm. It was above. On the other hand, the example 1 of a 
comparison using the aggregate with a small specific surface area, the example 2 of a comparison for 
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which the addition of the aggregate is not suitable, the example 3 of a comparison with the high bulk 
density of a nitriding raw material, and reaction control were inadequate, in the example 4 of a 
comparison with large maximum velocity, the specific surface area of an ingot is small, a grindability 
and the specific surface area of the nitriding cay prime powder obtained since it was bad are small, and 
the residual of a big and rough particle was also accepted. Furthermore, the low [ reinforcement / 
sintered compact reinforcement was also small and ] as raw material powder of fine ceramics. When 
reaction time was long and also included the permutation of gas, and the time amount of furnace cooling 
in the example 5 of a comparison for which the minimum reaction rate is not suitable, nitriding of one 
batch took no less than two weeks, and productivity was bad. 
[0036] 

[Effect of the Invention] High-definition nitriding cay prime powder can be cheaply manufactured 
without according to this invention a grindability's improving remarkably compared with the ingot 
obtained by the conventional direct nitriding and needing purification processing [ as / in a long time or 
a crack and special grinding, or special wet grinding ]. 



[Translation done.] 
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